Search for top squark pair production in final states with one isolated lepton, jets, and missing transverse momentum in s=8 TeV pp collisions with the ATLAS detector  by Yiming, Abulaiti
Search for top squark pair production in ﬁnal states with one isolated lepton, jets,
and missing transverse momentum in
√
s = 8 TeV pp collisions with the ATLAS
detector
Abulaiti Yiminga,b, On behalf of the ATLAS Collaboration.
aDepartment of Physics, Stockholm University
bThe Oskar Klein Centre, Stockholm, Sweden
Abstract
Motivated by natural SUSY, a search for pair production of the supersymmetric partner of the top quark (stop)
in ﬁnal states with one isolated lepton, jets and missing transverse momentum in
√
s = 8 TeV pp collisions using
20.3 fb−1 of data from the ATLAS experiment, is presented. Five diﬀerent decay scenarios for the stop are considered.
As the data are in agreement with predictions from the Standard Model, the measurements are translated into 95%
CL upper limits on the masses of the stop and the lightest supersymmetric particle (LSP) in various supersymmetric
scenarios. The sensitivity to a limited number of pMSSM models, in which the stop can decay into heavy neutralinos
and charginos, is also presented.
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1. Introduction
Supersymmetry (SUSY) [1] is a symmetry between
fermions and bosons. The Minimal Supersymmetric ex-
tension of the Standard Model (MSSM) predicts that
each Standard Model (SM) particle has a supersymmet-
ric partner, with the same quantum numbers except for
the spin which diﬀers by 12 . If SUSY exists, it must
be broken, resulting in a mass diﬀerence between the
SUSY particles and their SM partners.
If the lightest supersymmetric partner of the top quark
(stop or t˜1) has a mass below 1 TeV it provides a natu-
ral solution to the hierarchy problem [2, 3]. In R-parity
conserving MSSM models, the stops are produced in
pairs and ﬁnally decay into SM particles and the light-
est supersymmetric particle (the LSP, here assumed to
be the χ˜01). As the χ˜
0
1 is stable and only weakly inter-
acting it escapes the detector, resulting in large missing
transverse momentum.
These proceedings summarise selected aspects of the
ATLAS search for stop pair production in ﬁnal states
with one isolated lepton, jets and missing transverse
momentum using 20.3 fb−1 of data [4]. The data used in
the analysis were collected by the ATLAS detector [5]
during the year of 2012 in
√
s = 8 TeV pp collisions.
2. Decay Scenarios
In this analysis ﬁve simpliﬁed stop decay scenarios
are considered:
t˜1 → tχ˜01 decay The t˜1 decays into a top quark (t) and a
χ˜01. The branching ratio of this decay is assumed to
be 100%.
t˜1 → bχ˜±1 decay The t˜1 decays into a bottom quark (b)
and the lightest chargino (χ˜±1 ) with 100% branch-
ing ratio. The χ˜±1 further decays into a W boson
(on-shell or oﬀ-shell) and a χ˜01.
Asymmetric decay Both the t˜1 → tχ˜01 and t˜1 → bχ˜±1
decays are kinamatically allowed. The total
branching ratio of the two decays is 100%.
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3-body decay The t˜1 decays via an oﬀ - shell top quark
into bWχ˜01 with a branching ratio of 100%
4-body decay The t˜1 decays via an oﬀ-shell top quark
and an oﬀ-shell W boson into b f f
′
χ˜01 with 100%
braching ratio.
3. Event Selections
The event selections require exactly one isolated lep-
ton (e or μ) with transverse momentum, pT > 25 GeV
(pT > 6/7 GeV for the soft-lepton selection) and |η| <
2.47 (|η| < 2.4) for e (μ). The events are further required
to have a minimum number of jets ranging from 2 to 4,
and EmissT > 100 GeV. The events which fulﬁl the prese-
lection requirements are considered for the various sig-
nal regions. The analysis is based on 15 diﬀerent signal
regions targeting diﬀerent decays of the t˜1 and diﬀerent
t˜1, χ˜
±
1 and χ˜
0
1 masses. The signal regions make use of
an extensive list of discriminating variables, such as the
identiﬁcation of jets originating from b-quarks [6], the
transverse mass and speciﬁc variables to reject tt¯ events.
The exact selection criteria are given in [4].
4. Background Estimation
The dominant backgrounds are dileptonic tt¯ events
and W+jets events where the W boson decays lepton-
ically. These backgrounds are normalized in dedicated
control-regions (CRs) in data. Then the background es-
timates are extrapolated into the various signal regions
using simulated events. The multijet background is esti-
mated from data using a matrix method. All other back-
grounds are determined from simulation (see in [4] for
details).
5. Results
The observed number of events in each signal region
is compatible with the estimated SM background. The
results are therefore translated into model-independent
exclusion limis on the number of non-SM events and
exclusion limis on various direct stop pair production
models using a CLs [7] calculation.
5.1. Model-independent exclusion limits
The second and third columns in Table 1 show the
observed numbers of events and the expected numbers
of background events. The observed numbers of events
in the various signal regions are compatible with the
background-only hypothesis. The last two columns
show the observed and expected 95% CL upper limits
on the production cross-section of non-SM events.
Region Obs. Exp. bkg. σvis [fb]Obs. Exp.
tN med 12 13.0 ± 2.2 0.4 0.5
tN high 5 4.97 ± 0.96 0.3 0.3
tN boost 5 3.3 ± 0.7 0.3 0.3
bCa low 11 6.5 ± 1.4 0.61 0.92
bCa med 20 17 ± 4 0.72 0.68
bCb med1 41 32 ± 5 1.17 0.88
bCb high 7 9.8 ± 1.6 0.32 0.22
bCc diag 493 470 ± 50 5.4 4.7
bCd high1 16 11.0 ± 1.5 0.7 0.4
bCd high2 5 4.4 ± 0.8 0.3 0.3
tNbC mix 10 7.2 ± 1.0 0.5 0.3
tN diag
125 < EmissT < 150GeV, 120 < mT < 140 GeV 117 136 ± 22 2.1 2.7
125 < EmissT < 150GeV, mT > 140 GeV 163 152 ± 20 2.7 2.4
EmissT > 150GeV, 120 < mT < 140 GeV 101 98 ± 13 1.8 1.7
EmissT > 150GeV, mT > 140 GeV 217 236 ± 29 2.9 3.5
bCb med2
175 < amT2 < 250GeV, 90 < mT < 120GeV 10 12 ± 2 0.4 0.4
175 < amT2 < 250GeV, mT > 120GeV 10 7.4 ± 1.4 0.5 0.4
amT2 > 250GeV, 90 < mT < 120GeV 16 21 ± 4 0.5 0.6
amT2 > 250GeV, mT > 120GeV 9 9.1 ± 1.6 0.4 0.4
bCd bulk
175 < amT2 < 250GeV, 90 < mT < 120GeV 144 133 ± 22 1.8 1.7
175 < amT2 < 250GeV, mT > 120GeV 78 73 ± 8 2.9 3.5
amT2 > 250GeV, 90 < mT < 120GeV 61 66 ± 6 0.9 1.0
amT2 > 250GeV, mT > 120GeV 29 26.5 ± 2.6 0.7 0.6
3body
80 < amT2 < 90GeV, 90 < mT < 120GeV 12 16.9 ± 2.8 0.4 0.5
80 < amT2 < 90GeV, mT > 120GeV 8 8.4 ± 2.2 0.4 0.4
90 < amT2 < 100GeV, 90 < mT < 120GeV 29 35 ± 4 0.6 0.7
90 < amT2 < 100GeV, mT > 120GeV 22 29 ± 5 2.7 2.4
Table 1: The leftmost columns show the number of observed events
with the expected number of background events. The rightmost
columns show the upper limits on the visible signal cross-section
(σvis = σprod×A× where A is the acceptance and  is the eﬃciency).
[4]
5.2. Model-dependent exclusion limits
The results are also used to derive exclusion limits
in the various scenarios which are described in Section
2. Fig. 1 shows the 95% CL excluded region in the
plane of mχ˜01 vs. mt˜1 . In the models where the t˜1 decays
into a t and a χ˜01, stop masses between a 210 and 640
GeV are excluded for a massless LSP, and stop mass
around 550 GeV is excluded for LSP masses up to 230
GeV. The excluded mass regions for 3-body and 4-body
decays are also shown. The results for other scenarios
are described in [4].
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Figure 1: Expected (black dashed) and observed (red solid) 95% CL
excluded region in the plane of mχ˜01
vs. mt˜1 [4].
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6. pMSSM Sensitivity
In addition to the simpliﬁed decays of the stop de-
scribed in Section 2, more complicated stop decays exist
in more realistic SUSY models, such as the phenomeno-
logical MSSM [8] (pMSSM). To study the sensitivity of
the various signal regions to complex stop decay sce-
narios, a limited number of pMSSM models parameter
space were selected. Properties of these points are de-
scribed in [4].
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Figure 2: The expected CLs signiﬁcance values for the 27 pMSSM
models. The uncertainty includes all sources except the theoretical
cross-section uncertainty [4].
Fig. 2 and Fig. 3 show the expected and observed
CLs signiﬁcance values for 27 pMSSM models and two
points of simpliﬁed models. The dashed line in the ﬁg-
ure indicates the CLs signiﬁcance corresponding to 95%
CL, and the models above the line are excluded. Both
the expected and observed CLs signiﬁcances show that
the total branching ratio of t˜1 → tχ˜01 and t˜1 → bχ˜±1 has
strong impact on the sensitivity of the analysis. The sen-
sitivity is weaker if stop decays other than t˜1 → tχ˜01 and
t˜1 → bχ˜±1 are dominant. The large spread in CLs sig-
niﬁcance for models with similar branching ratios also
indicates additional dependencies of the sensitivity on
other properties of the model, e.g. the stop mixing ma-
trix and ﬁeld content of the other SUSY particles.
References
[1] H. Miyazawa, Baryon Number Changing Currents,
Prog.Theor.Phys. 36 no. 6, (1966) 1266–1276.
[2] S. Weinberg, Implications of Dynamical Symmetry Breaking,
Phys.Rev. D13 (1976) 974–996.
[3] S. Dimopoulos and H. Georgi, Softly Broken Supersymmetry and
SU(5), Nucl.Phys. B193 (1981) 150.
)
1
0χ t→1t
~)+BR(
1
±χ b→1t
~BR(
0 0.2 0.4 0.6 0.8 1
 s
ig
ni
fic
an
ce
s
O
bs
er
ve
d 
C
L
0
1
2
3
4
5
6
7
8
 (400,50) GeV≈)
0
1
χ∼,1t
~
m(
 (550,50) GeV≈)
0
1
χ∼,1t
~
m(
 (550,150) GeV≈)
0
1
χ∼,1t
~
m(
) = (400,50) GeV
0
1
χ∼,1t
~
m(
) = (550,50) GeV
0
1
χ∼,1t
~
m(
 1.0≤0.8 < x 
 0.8≤0.6 < x 
 0.6≤0.4 < x 
 0.4≤0.2 < x 
 0.2≤0.0 < x 
ATLAS
∫ -1L dt = 20 fb
 = 8 TeVs
miss
T
1-lepton + jets + E
)
0
1
χ∼ t→1t
~
x = BR(pMSSM models:
Simplified models:
Figure 3: The observed CLs signiﬁcance values for the 27 pMSSM
models. The uncertaity includes only the eﬀect of scaling the nomi-
nal signal cross-section up and down by the theoretical cross-section
uncertainty [4].
[4] ATLAS Collaboration, Search for top squark pair production in
ﬁnal states with one isolated lepton, jets, and missing transverse
momentum in
√
s = 8 TeV pp collisions with the ATLAS detector,
Submitted to JHEP, arXiv:1407.0583 [hep-ex].
[5] ATLAS Collaboration, The ATLAS Experiment at the CERN
Large Hadron Collider, Journal of Instrumentation 3 no. 08,
(2008) S08003.
[6] ATLAS Collaboration, Commissioning of the ATLAS
high-performance b-tagging algorithms in the 7 TeV collision
data,.
[7] A. L. Read, Presentation of search results: The CL(s) technique,
J.Phys. G28 (2002) 2693–2704.
[8] A. Djouadi et al., MSSM Working Group Collaboration, The
Minimal supersymmetric standard model: Group summary
report, arXiv:hep-ph/9901246 [hep-ph].
A. Yiming / Nuclear and Particle Physics Proceedings 273–275 (2016) 2415–2417 2417
